ABSTRACT: This paper presents evidence of deep diving performances by fin whales Balaenoptera physalus in the Mediterranean Sea, never directly recorded for any other species of baleen whales. By means of velocity-time-depthrecorders applied to the whales with suction cups, depths of at least 470 m were registered twice, over 7 dives below 150 m recorded during a total of 12 h 38 min of remote tracking. The deep bouts occurred in late afternoon, in coincidence with the die1 vertical upward migration of knll Meganyctiphanes norvegica, the principal prey species for Mediterranean fin whales. The data presented indicate that fin whale diving capabilities are opportunistically adapted to deep prey availability in the area.
Since the early 1900s baleen whales have been described as shallow divers, with dives seldom deeper than 100 to 150 m, because the krill on which they prey was thought to be rarely abundant at greater depths (Laurie 1933) . At present, krill is known to occur at depths greater than 1000 m in some areas, but there is still poor knowledge regarding the diving capabilities of many cetacean species, particularly mysticetes.
In this paper we report the first successful tagging of fin whales Balaenoptera physalus from the Mediterranean Sea with velocity-time-depth-recorder (V-TDR). Seven dives below 150 m were recorded, 2 of which reaching a depth of at least 470 m. Unlike some teutophagous odontocetes, such as the sperm whale Physeter macrocephalus which is known to reach depths of 3000 m (Schreer & Kovacs 1997) , baleen whales are generally considered to be shallow divers, even if they are capable of deeper dives (Ommanney 1932 , Gaskin 1982 , Leatherwood et al. 1982 , Hamilton et al. 1997 ). In the past, most divingdepth data were inferred from whales that were harpooned, echosounder data, and assumptions based on depth distributions of their typical prey species (Scholander 1940 , Hamilton et al. 1997 .
The fin whale is the only mysticete regularly occurring in the Mediterranean Sea and is rather abundant in the northwestern part of the basin during summer (Duguy 1990) . Genetic analyses, performed on fin whale biopsy samples collected in North Atlantic and Mediterranean Sea summer feeding grounds, suggested that Mediterranean whales constitute a separate population, with limited gene flow between them and North Atlantic conspecifics (Berube et al. 1998) . The fin whale population in the western Mediterranean Sea has been estimated at 3500 individuals during the summer, based on line transect sampling methods (Forcada et al. 1996) . Approximately 900 of these whales concentrate in the Corso-Ligurian Basin (Forcada et al. 1995) , which is believed to represent their primary feeding area (Zanardelli et al. 1998 ). The basin is characterized by high productivity and supports a large biomass of euphausiids dominated by Meganyctiphanes norvegica (Casanova 1970) , one of the principal prey species of fin whales (Jonsgard 1966) .
Materials and methods. Between 19 June and 24 September 1998, research cruises were conducted aboard a 19.8 m long auxiliary sailing vessel, equipped with a fiberglass-keel inflatable craft powered by a 25 Hp outboard engine. The study area (Fig. 1) included the offshore waters of the western Ligurian Sea between San Remo (Italy), the French Riviera, and the Island of Corsica. During the study period 6 fin whales were tagged with Mk6 model (Wildlife Computers, Redmond, WA) V-TDRs that were remotely attached by means of a suction cup. The V-TDR used had a depth range of 0 to 500 m and a depth sensor accuracy of 1 % of the reading *2 m. Water temperature, speed Mar Ecol Prog Ser 187: 309-311, 1999 Genoa IGURIAN SEA Fig. 1 . The study area of the whale, and depth of dives were sampled at 2 S intervals. Each tag was equipped with a VHF radio (Advanced Telemetry Systems, Isanti, MN). This allowed us to follow the whale while at the surface and to facilitate tag recovery after spontaneous detachment from the whale, by means of a VHF receiver and a directional antenna on board the research vessel.
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The tag on which the instruments were encased was built in epoxy I-esin with glass micro-bubbles to provide buoyancy; it weighed 375 g and measured 20 cm in length (Fig. 2) .
The whales were approached with the inflatable craft and tags were deployed using a 6 m long alurninum pole. In order to increase the time of permanence on the whale and collect sloughed skin for genetic analyses, the interior of the suction cup was covered with a thin layer of silicon grease.
Results and discussion. The tags remained on the whales (Fig. 3) for periods ranging from 10 min to 8 h 23 min. This allowed us to collect 12 h 38 min of dive data for fin whales coincident with their presumed foraging activity. Two whales performed deep dives: one dove up to 194 m, and another reached on 2 occasions depths of at least 470 m-which represents the instrumental limit-and once the depth of 420 m. The latter whale was tagged on 19 July at 09:45 h and followed until 18:08 h, when the detached tag was recovered. The data collected indicated that until 17:OO h the whale remained close to the surface performing 39 shallow dives of less than 100 m (mean depth = 24.5 m, SD = 15.6) with a mean duration of 7.1 min (SD = 2.5). Deeper and longer dives began after the shallow diving bouts (Fig. 4) . On 2 consecutive bouts, the whale dove up to a depth of at least 470 m, with apneas lasting 11.7 and 12.6 min. The whale remained in proximity of this depth for 4.6 and 6.1 min, respectively. During deep dives the depth sensor stopped recording data at 470 m for a maximum period of 82 S; therefore, given a mean speed of 1.7 m S-' for this 82 s period, we suggest that the maximum depth reached by the tagged whale may be estimated at 542 m (if the whale had gone straight down and up). Mean descent and ascent swimming speeds for these dives were 3.2 (SD = 1.82) and 2.1 m S-' (SD = 0.82), respectively. While performing a third dive, the tag detached at 420 m and was recovered at the surface.
The depth distribution of prey for fin whales in the Mediterranean Basin is atypical compared to other areas, because Meganyctjphanes norvegica remains at depths exceeding 500 and even 1000 m for most of the day and migrates, with amplitudes up to 600 m, towards shallower depths in the late afternoon (Casanova 1970 , Sardou et al. 1996 . Our data indicated that fin whales in this region exhibited 2 distinct diving patterns, with shallow and deep dives performed at different times of the day, in relation to diel vertical migrations of the krill. These data indicate that fin whales may forage opportunisticauy at deep depths in order to exploit deep prey resources. Mediterranean fin whales, in particular, may have adapted to vertical prey distribution by developing deep-diving capabilities and opportunistic behavioral patterns suited to match diel vertical migrations of their prey. These results represent the maximum depths ever directly registered for any mysticete species. Evidence of deep diving by fin whales substantially challenges our current understanding of the species' diving capabilities. In light of the maximum depths of dives recorded here, revision is required regarding current assumptions on the feeding ecology and energetics of this and other mysticete species.
